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The genus Populus L., which includes the aspens, has many important uses such as 
paper production. Aspens are also attacked by many pests and are particularly susceptible to 
crown gall disease. A genetically engineered Populus grandidentata x P. sieboldii clone 
with sense and anti-sense constructs of crown gall oncogenes was field-tested to determine 
differences in long-term crown gall resistance and overall performance of the parental clone 
and sublines. Because the use of transgenics raises concern with the public, we added an 
objective to analyze the ethical implications of outplanting genetically engineered aspen. 
The field test included a total of 336 trees divided among seven transgenic sublines and the 
parental clone. Trees were arranged in a Latin square surrounded by 16-tree block plantings 
of the single genotypes in a randomized design. Heights and diameters were measured and 
stem volumes estimated at the end of four years of growth. The number of frost cracks per 
stem and their length were measured in the fifth year. Data were analyzed by a completely 
randomized model and then by a spatial model to correct for site variation. Dormant 
hardwood cuttings were subjected to nutrient solution and IBA treatments to produce 
greenhouse plants for Agrobacterium tumefaciens inoculations. Stored bacterial inoculum 
was re-cultured and tested for virulence on tomato plants. Ethical implications were 
examined through an analysis and summary of the forestry and philosophy literature. Four-
year heights and volumes were significantly different (P<.O l) with the parental clone and one 
anti-sense subline having the best heights (5.1 m) and volume (2500 cm3). Frost crack 
occurrence was not significantly different. No propagation technique gave better than 1.7% 
success in establishing greenhouse plants. All inoculations failed, probably because of 
inoculum age, appropriateness of culture medium, or inoculation technique. I conclude that 
V1 
the research to date is consistent with the Forestry Code of Ethics because gene flow can be 
prevented in small, closely monitored research plantations that are not allowed to flower. 




Iowa State University began participating in the 1970's in national and international 
efforts to increase the annual production rate of woody biomass for energy. The most 
common trees used in these efforts are from the genus Populus L., the poplars and aspens, 
which have the highest growth rates of woody plants native to the north temperate region 
(Dickmann, 2001). This characteristic makes Populus a desirable species for wood fiber 
products in the forest products industry. It also has been a model species for woody biomass 
production for energy (Ferrell et al., 1995). 
The wood of aspen is versatile and used for many wood products in the forest 
industry (Dickmann 2001). Historically, aspen wood has been used for paper pulp, matches, 
and chopsticks. Other uses for aspen are for the production of composite woods like 
plywood and particleboard, and even fuel stock for solid and liquid fuels. Aspens are valued 
in many countries for paper production. This study originated from the commercial interests 
of Nippon Paper Company in Japan (Hall et al., 1998). 
Aspen is very susceptible to crown gall disease. Crown gall disease is caused by a 
soil bacterium, Agrobacterium tumefaciens (E.F. Sm. &Towns), which vectors its DNA into 
the tree's genome and causes galls to form. The galls may interfere with water and nutrient 
transport, weakening the plant and eventually contributing to its death. Therefore, crown gall 
can seriously limit growth and reduce productivity of the trees. 
Conventional breeding has been used to pass desired traits from parent trees on to the 
progeny. However, for this study, the approach involved developing aspen resistance to 
crown gall disease by using genetic engineering. A poplar hybrid clone (Y-63) was 
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transformed with several different gene constructs that produced seven different transgenic 
lines to be tested for increased biomass production and crown gall resistance. Government 
regulations preclude field-testing transgenic trees in Japan. The Nippon Paper Company 
contracted with Iowa State University to conduct the test for them because of their 
experiences with field plantings of transformed woody material. In 1989, researchers in the 
Forestry Department at Iowa State University were the first to plant transgenic woody plant 
material (using hybrid aspen) in the field for testing growth of aspen clones (Klopfenstein, et 
al., 1991). 
The Japanese clones were planted in a one-acre field plot, following U.S. regulations 
on transgenic field tests. The first part of this study focuses on plant growth and interactions 
in the fourth and fifth growing season of this plantation. 
While studying biological issues with these transgenic lines, ethical concerns arise. 
Transgenic material has the potential to cross over into native populations through pollination 
or root sprouting. The risk of subjecting native populations to possible harm by way of 
transgenic escape has become controversial (Cuba and Petermann, 2000). The controversy 
has risen to a position where opposition responses by activists groups are becoming more 
prevalent and more dangerous. From fires in offices at the University of Washington in 
2001, to explosives being found at Michigan Tech in 2001, there is much opposition to those 
involved in genetic engineering, especially with trees (Bernton, 2001). We think that the 
general public's view can become biased by the activist groups opinion toward genetic 
engineering. Educating the public will allow the general public to develop a more rational 
understanding of the problems and solutions of this technique. 
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Thesis Organization 
The primary goal of this study was to determine specific wood fiber production 
parameters of the Japanese clones under field conditions. We also wanted to ensure that we 
were working on this study as safely as possible, and that the public was educated on genetic 
engineering as it related to this research. The biological objectives of this study were to test 
these null hypotheses: 
1. There is no difference in growth among parental clone and sublines; 
2. There is no difference in the occurrence and length of frost cracks 
between clones; 
3. There is no difference in rooting of cuttings among parental clone and 
sublines; 
4. There is no difference in crown gall resistance in rooted cuttings 
produced from field-grown transgenic lines and their parental clone. 
The ethical objective was to present this research so that the public will have an 
understanding of the science of genetic engineering and the ethical questions that arise: 
1. Is this playing God? 
2. Is it natural? 
3. Is it safe? 
4. What are the effects on other plants and the ecosystem? 
5. Are there alternatives? 
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GENERAL LITERATURE REVIEW 
Introduction 
The genus Populus has been studied because it is used worldwide for multiple 
purposes (Dickmann et al., 2001). Presently and scientifically, Populus is one of the most-
studied and most-written about tree genera (Dickmann et al., 2001). Poplars are highly 
valued by the wood-products industry because of their exceptionally fast-growth rate, its use 
as a source of fuel (Dickmann et al., 2001; Stettler et al., 1996), and use for paper production. 
This genus has been intensively studied for genetic manipulation. Genetic 
engineering is used as a technique for improvement because it allows for rapid incorporation 
of specific improvements in a short time period (Chun et al., 1988). Resistance to certain 
diseases and insects are examples of such improvements. For years, Populus has been 
studied because of the insects and diseases that impact its growth, reducing its productivity 
and its use. This genus is also important to wildlife. Therefore, Populus is important to the 
natural forest ecosystems as well as the forest industry. 
The genus Populus 
The genus, Populus, known as poplars and aspens, are all single-trunk, deciduous, 
and fast growing trees. Most poplars flower around age eight and some regularly sprout from 
roots. Sprout offspring are normally exact genetic copies of the parent (Dickmann et al., 
2001), although somatic mutations may take place over time and change the genetics of the 
sprout. Populus is also awind-pollinated genus that is dioecious. There is a partial 
separation of flowering times among poplar species (Eckenwalder et al., 1996). After 
flowering takes place, there is usually high soil moisture content required for seed 
germination and establishment of the seedlings (Dickmann et al., 2001). These conditions 
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are typically found on floodplains. Other species such as aspens grow in upland areas. The 
trees ̀  fast growth, wide distribution across the northern hemisphere, and easy establishment 
from cuttings makes them desirable for human uses (Chun et al., 1988). 
Populus also has wide genetic diversity (Chun et al., 1988), and Populus species 
hybridize easily (Stettler et al., 1996). For example, P. alba x P. grandidentata Mich. form a 
hybrid that has led to named clones like `Shimek' , `Hansen' , `Crandon' and `Sherrill' 
(Klopfenstein et al.; 1993; Son et al., 1993). Hybridization is made "combining desirable 
traits from different species, capturing hybrid vigor, and obtaining increased developmental 
homeostasis like greater phenotypic stability in varied environments" (Stettler et al., 1996). 
There are many traits that can be desired for improvements, such as faster growth. 
The rapid growth of poplars allows experiments to be completed in relatively short 
time frames (Dickmann et al., 2001). Populus species have a relatively small genome size 
which allows more studies to be done of their genomic libraries and genetic manipulation 
(Parsons et al., 1986; and Chun et al., 1988). 
The Populus genus is broken into sections. These sections are characterized by 
physiological and ecological differences among the species. There are six sections, and this 
research will be discussing a hybrid from the Populus section (formerly known as the Leuce 
section). The Populus section consists of white poplars and aspens (Eckenwalder et 
al.,1996). 
Frost cracks 
Upon observing the growth of the transgenic aspen, frost cracks were noticed in the 
stems. "A frost crack is a long, deep, narrow crack running up and down the trunk of a tree" 
(Frost Cracks, 1996). The crack is usually located on the south or southwest side of the trunk 
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but can occur on any side (Frost Cracks, 1996). The crack occurs when the sun warms the 
trunk in winter weather, causing tissues to partially activate and move liquid water into their 
cells. When trees block the sun or at sunset, the temperature of the trunk drops abruptly in the 
surrounding environment and ice crystals can form in the cells. The outer part of the trunk 
cools and contracts faster than the inner tissues causing a crack in the bark (Frost Cracks, 
1996). By healing over the wound the tree may recover, but it is subject to re-injury. If these 
environmental conditions persist, these cracks could enlarge and increase in number, leading 
to more problems. Biological agents including disease organisms could enter open wounds 
during the spring season. 
Serious insects and diseases that affect aspen 
Aspens are host to many insects and diseases. The most important in North America 
are attacks from the forest tent caterpillar (Malacosama disstria Hubner) and the poplar borer 
(Saperda calcarata Say). Forest tent caterpillars defoliate the tree. The poplar borer larvae 
bore into stems, root, and branches of trees 3-years and older (Ostry et al., 1989). The two 
serious diseases in North America that affect aspen are white trunk rot and hypoxylon 
canker, both causing stem breakage. White trunk rot of aspen is caused by Phellinus 
igniarius (L.) Gill. (Schipper et al., 1978). This is the most destructive disease of aspen in 
the Lake States, limiting rotation age by weakening the tree bole thereby reducing the quality 
of the wood (Schipper et al., 1978). Hypoxylon canker is caused by the fungus, Hypoxylon 
mammatum (Klotsche), which attacks the stems subjecting them to wind breakage (Ostry et 
al., 1989). 
Crown gall disease 
Poplars are affected by crown gall disease that is caused by the bacterium 
Agrobacterium tumefaciens (E.F. Sm. &Towns). Most soils contain A. tumefaciens. This 
soil-borne bacterium vectors DNA into the tree's genome. For example, wounds such as 
frost cracks can be entry points for the bacterium. A. tumefaciens can also infect trees 
through their roots. Root infection can occur from planting the tree in infested soils, or by 
transplanting (moving to another location) the tree, which can weaken the roots, thus 
weakening the tree. Entry into the roots is through any wound, including secondary root 
emergence sites. 
Most strains of A. tumefaciens contain extra genetic information in structures called 
plasmids. The plasmid called Ti contains tumor-inducing (Ti) genes. A. tumefaciens enters 
the wound carrying the Ti plasmid. The plasmid inserts DNA into the plant's genome. This 
DNA is called T-DNA because it has been transferred and it becomes incorporated in the 
plant cells. As the cells grow, the T-DNA is expressed in the plant and causes 
overproduction of plant hormones (auxins and cytokinins) that contribute to the increase of 
cellular elongation and expansion. The result is an increase in undifferentiated tissue to form 
galls. The galls can range from several centimeters up to a meter in diameter (Lacy et al., 
2000). The galls may interfere with water and nutrient transport, weakening the plant and 
eventually contributing to its death. Therefore, crown gall can seriously limit growth and 
reduce productivity of the trees. However, Agrobacterium, also is used by humans as a 
vector for genetic transformation. 
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Conventional breeding 
Poplar breeding has been performed for two centuries to satisfy the economical and 
sustainable production of wood to meet a growing worldwide demand (Bradshaw and 
Strauss, 2000). Aspens are an important source of wood in many countries and the most 
common form of poplar silviculture is in plantations (Bisoffi and Gullberg, 1996). Aspen has 
many uses as stated earlier. Breeding has been ongoing not only for these uses but also for 
improvements in pest resistance (Bisoffi and Gullberg, 1996). Improvements such as 
growth and other types of performance are first tested in research plantations where the new 
characteristics can be evaluated for their benefits and risks. Plantations allow for short-or 
long-term studies. Increasing productivity of plantation forests can be advantageous to 
society because it could prevent over-harvesting of our native forests (Bradshaw and Strauss, 
2000). More products can be supplied from artificial plantations. Conventional breeding is 
instrumental for passing desirable traits from parent trees to the progeny. Selections are 
made for the desirable traits, such as fast-growth or pest resistance. 
Genetic engineering 
Members of the genus Populus have a small genome size, short rotation cycle, and 
the capacity for vegetative propagation (Kim et al., 1997). Poplar tissue culture began in the 
early 1930s (Gautheret, 1934). The genus has been propagated through tissue culture (Park 
and Son, 1997). Hybrid aspen was the world's first genetically engineered woody plant to be 
planted in the field; this was in 1989 at Iowa State University (Klopfenstein, et al., 1991). 
Genetic engineering provides opportunities to manipulate the genome of aspen for desirable 
improvements (Mohri et al., 1997). 
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The susceptibility to Agrobacterium-mediated transformation and techniques to 
regenerate transgenic trees make Populus a model for genetic engineering (Kim et al., 1997). 
Since Populus is known to be a host of Agrobacterium tumefaciens in tissue culture (Fillatti 
et al., 1987), Agrobacterium mediated transformation has been the favored method for the 
introduction of foreign genes into many plants, including this genus (Mohri et al., 1997). 
The integration of T-DNA into plant cells and its ability to be transferred makes using 
Agrobacterium the model technique for plant transformation (Ravi et al., 1998). The T-DNA 
of A. tumefaciens contains auxin (iaaH, iaall~ and cytokinin (IP7~ synthesis genes (Kim et 
al., 1997). These genes are responsible for tumor induction (Kim et al., 1997). 
Hybrid aspen 
Aspen is an important source of wood products in some temperate regions. In Japan, 
aspen is used as a source for paper production, where crown gall affects aspen productivity. 
The Japanese developed transgenic hybrid aspen sublines for resistance against crown gall 
disease. However, field-testing transgenic material has not been authorized in Japan. 
Through a search for a research team to perform these genetic tests, Iowa State University 
became involved in this project. The hybrid poplar, Populus sieboldii Miquel x P. 
grandidentata, is a fast growing tree, promising as pulp wood, but it is highly sensitive to 
crown gall disease (Ebinuma et al., 1992). Most aspens can be manipulated for clonal 
propagation and grown in large numbers for experimental or commercial uses (Fillatti et al., 
1987). 
The hybrid selection "Y-63" does not occur naturally but is a cross between the North 
American bigtooth aspen (P. grandidentata) and the Japanese aspen (P. sieboldii) produced 
by the Canadian poplar-breeding program at Maple, Ontario. The "Y-63" clone is a fast 
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growing selection being studied by Japanese researchers and promises to be a high pulp 
wood producer (Ebinuma et al., 1992). Since "Y-63" is highly sensitive to crown gall 
disease Nippon Paper Company produced these transgenic selections, using the sense and 
anti-sense techniques. 
Using these new techniques, Nippon researchers inserted Agrobacterium constructs 
into the parental clone. Each time an insertion is made, the gene randomly goes to a different 
part of the genome. Therefore, this differentiation results in a subclone. 
When a gene is inserted, .its DNA has to be transcribed into RNA. This process takes 
place in the nucleus of plant cells. A gene is DNA in a sequence coding for proteins 
(Haverford College, 1998). The DNA is transcribed into a complementary RNA (nuclear 
RNA) then spliced into messenger RNA (mRNA) (Access Excellence, 2002). The mRNA 
leaves the nucleus and goes to the cytoplasm, where ribosomes bind to the RNA and translate 
it into protein (RNA Viruses, 1998). The protein catalyses production of hormones in the 
trees causing the tumors (galls) to form. 
The strategy to prevent oncogene expression and gall formation is to achieve gene 
silencing. Gene silencing will interrupt the activity of a targeted gene, preventing it from 
forming a protein (Bailey, 2001). Nippon produced transgenic plants that could still be 
infected by Agrobacterium tumefaciens but would not produce the hormones that lead to gall 
formation. The first approach is based on methylation of nucleotides in the DNA. 
Methylation may occur when the sense construct of an Agrobacterium gene is inserted into 
the tree's genome. The tree recognizes the construct as foreign and attaches methyl groups 
that block transcription of this strand. Therefore, when Agrobacterium infects the tree 
naturally, the same DNA that is in already in the tree's genome activates methylation of the 
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oncogene and prohibits transcription. The inactivation of the oncogene is called the Matzke 
effect (Ebinuma et al., 1992). 
The second approach used by Nippon was to insert a reverse nucleotide sequence 
(anti-sense) into the tree's genome. This construct is a compliment to the Agrobacterium 
strand, the sense strand. Both genes produce nuclear RNA. When both RNA strands come 
together, they bind because their base pairs are complimentary. This strand binding forms a 
duplex (Kimball, 2002). The duplex results in gene silencing because RNA can be translated 
only in its single strand form. In this study the oncogenes (auxins and cytokinins) were 
targeted to prevent their expression because these plant hormones are active in causing gall 
formation. When translation is prevented, the protein cannot be formed. 
Ethical issues with genetic engineering 
Radical groups such as Earth Liberation Front (ELF) and Animal Liberation Front 
(ALF) have credited themselves for the dangerous tactics used to relay their message of 
opposition to biotechnology and/or genetic engineering. For example, the fires that 
destroyed offices and research laboratories at the University of Washington in 2001 and 
explosives located during the same year at Michigan Tech, illustrate the dangers posed to 
those involved in genetic engineering, especially with trees (Bernton, 2001). 
Publications by these groups such as From Native Forests to Franken Trees, state 
"Total control over the timber supply and the transformation of tree plantations into 
agricultural crops are two of the goals of the engineering of trees" (Petermann et al., 2000). 
This publication also suggests in their disease resistance section that genetically modified 
trees for disease resistance are likely to cause fresh epidemics (Petermann et al., 2000). 
Statements like these tend to give the general public a biased view toward genetic 
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engineering. In order to have dialogue between parties for and against genetic engineering, a 
workshop was developed by the Pew Initiative on Food and Biotechnology, Society of 
American Foresters, and Ecological Society of America and held in Atlanta, GA of 
December 2001 (Pew Initiative et al., 2002). As a student of forest biology I too had many 
unsolved questions concerning genetic engineering and its role in forest technology. When 
the opportunity became available, I was able to participate in this workshop (Easley, 2001). 
Part two of this thesis presents ethical considerations related to my biological studies using 
the results of a genetic engineering study. To reduce repetition, my brief literature review for 
this ethics portion is based upon my participation in the Atlanta, GA workshop. 
What is the basic motive of scientists who work in the area of genetic engineering of 
trees? Dr. Toby Bradshaw of the University of Washington stated, that his motive was "to 
gain an understanding of how trees grow and how they respond and adapt to their 
environment. Genetic engineering is the best method plant scientists have to study the 
effects of individual genes in forest trees" (Pew Initiative et al., 2001). On the other hand, 
Dr. Alan McQuillan of the University of Montana, stated," there will continue to be strong 
suspicion that genetic modification will lead to more problems that we will not know how to 
solve" (Pew Initiative et al., 2001). This can lead to more unanswered questions regarding 
genetic engineering. 
The workshop examined a number of different issues. These issues included: forces 
driving technology, similarities and differences between genetically engineered crops and 
genetically engineered trees, impacts of genetically engineered trees, and regulatory systems 
(Pew Initiative et al., 2002). The issues related to genetic engineering will not be solved by 
science alone, but by collective understanding of parties involved in society's politics, 
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science, and beliefs. I came away from the conference thinking that more multi-discipline 
discussions need to be held. 
In part two of this thesis I discuss specific ethical questions such as are we playing 
God, is the research unnatural and unsafe, and are there effects upon the ecosystem? 
Possible alternatives to the genetic engineering solution that was used by Nippon also are 
presented. The literature used in presenting solutions to these questions is cited in that thesis 
section. 
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PART I. BIOLOGICAL OBSERVATIONS OF A HYBRID ASPEN GENETICALLY 
ENGINEERED FOR CROWN GALL DISEASE RESISTANCE 
Materials and Methods 
Clone/subclone background and plantation establishment 
Japan's Nippon Paper Company initiated this study and sent the transgenic material to 
Iowa State University under USDAJAPHIS import requirements. Nippon developed seven 
transgenic lines from the "Y-63" hybrid clone (P. grandidentata x P. sieboldii) (see Figure 1, 
key) by Agrobacterium mediated transformation. Each insertion of the Agrobacterium into 
the genome would attach to a different location, resulting in different subclones. Of the 
seven sublines received, four carried iaaM-coding region (41 s 1-41 s4), which controll the 
plant's auxin synthesis. One line carried the antisense construct of this oncogene (41 A 1) and 
two lines (DBL 1 and DBL 2) carried a double insert of the antisense iaaH and antisense ipt 
code, which is intended to inhibit both the cytokinin and auxin syntheses involved in gall 
development. Growth measurements were taken after four years of growth; frost cracks were 
observed after five years of growth. 
The trees were planted in 1998, in a 3x3 m spacing randomized block design with a 
Latin square in the middle of the design (Figure 1). The imbalance in number of plots 
planted for each subline reflected differences in planting stock availability. There was one 
row of border trees planted on the east side of the plot and two rows of border trees were 
planted around the remainder of the design to conserve space. In all, there were sixteen rows 
and 336 trees included in the study. "Y-63" was planted in the test more then any other clone 
because it was easiest to propagate. 
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Field Measurements 
Tree growth was measured at the completion of the fourth growing season, fa112001. 
Diameter at breast height (dbh) and total heights of each tree were taken. To compare 
heights of each clone the analyses were completed in the Statistical Analysis System (SAS). 
Data included in the analyses were clone, plot arrangement (column and row), dbh, and 
height. Stem volumes were estimated using the formula: Vol = (0.2617) (HT) (DBH 2) 
where: 
Vol = stem volume in cm 3 assuming the stem is conical in shape, the 
most appropriate assumption for young trees. 
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HT =stem height in cm 
DBH =stem diameter in cm taken at 1.3 m above the soil line 
Other variables, such as deer damage and mechanical damage were considered because they 
could have affected tree growth. In cases of severe damage, those trees were excluded from 
the analysis. The initial analysis used the completely randomized model. However, the site 
had obvious variations in growth across the site. There was a marked decrease in height 
growth in all trees in the southern third of the plantation apparently because of soil conditions 
that were not obvious during the original planting. Height growth also decreased in 
proximity to an existing stand of trees on the west side of the plot. To adjust for this non-
random variation on the site, a spatial analysis that adjusted for row and column effects was 
also used (Lichstein et al., 2002). The second analysis (spatial) analyzed the heights and 
volumes, adjusting for the non-uniform growing conditions. One plot of the DBL 2 subline, 
planted in the southwest corner of the plot, was dropped from the analysis because there were 
no other trees in the same position from west to east to use in making adjustments. Tukey's 
analysis also was used to test the differences between specific sublines (Snedecor and 
Cochran, 1967). 
Frost Crack Observations 
While making general observations in the 2002-growing season, we noticed frost 
cracks on the southwest side of some trees. A formal survey was conducted at the end of the 
season on the trees in the Latin square because this portion of the planting was a 
heterogeneous genetic environment compared to the rest of the plot. The number of cracks 
and the individual lengths of the cracks measured in centimeters (cm) were recorded. In 
order to test the difference between clones and the frequency of the cracks, a K:ruskal-Wallis 
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analysis was used (Lowry, 1999). The Kruskal-Wallis test allows for the crack to be 
analyzed without adjusting for spatial or environmental variation. 
Preparation of cutting material 
Taking cuttings from field material 
Since transgenic material was planted in the field, in-situ inoculations were not 
authorized because of containment risks. Therefore, inoculations were performed in the 
greenhouse because the inoculated materials are contained and can be destroyed upon test 
completion. Cuttings were needed that would develop in a vigorous state long enough for 
inoculations and gall development, normally afour-week period. During the early spring of 
2002, cuttings were taken from field plant material. Two whorls of branches of each clone 
were taken from stem locations that were exposed to full sunlight, assuming they would have 
more stored nutrients. The branches were harvested from the trees during their dormant 
period and stored in plastic bags at 4° C until use. Several alternatives were attempted for 
both storage and root establishment. 
FloralifeTM treatment 
Maintenance in a liquid nutrient solution was the first alternative attempted. Growing 
the cuttings in a FloralifeTM solution was evaluated because it had been successfully used in 
aspen breeding (Stanton and villar, 1996). Observations for detached branch maintenance 
were completed over an eight-week interval. The growth solution contained two grams of 
FloralifeTM to one gallon of water (2g/lgal). The fact that FloralifeTM contained bactericide 
was noted; therefore, this treatment likely would affect our Agrobacterium tumefaciens 
inoculations. Another method was needed to maintain the cuttings. 
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Sucrose solution treatments 
After consulting Dr. Richard Gladon of the Department of Horticulture, sucrose 
solutions were suggested as an alternative. Both continuous and "pulse" treatments were 
attempted. The solutions did not contain a bactericide, but contained carbohydrates for 
growth (Nowak and Rudicki, 1990). 
The technique requires the use of deionized water and sucrose (Moonsoo et al., 2001). 
The 5 treatments were 0%, 2%, 4% sucrose, called continuous low concentrations, and 10%, 
15% sucrose, called high pulse concentrations. The cuttings were placed in test tubes. The 
experiment consisted of two tubes of two cuttings each per treatment. 
First, for high sucrose levels, the cuttings were given an overnight pulse to induce 
absorbance of sucrose in the 10% or 15% sucrose solution. After the overnight pulse 
exposure, the cuttings were transferred to fresh deionized water every three days. Each time 
the cuttings were changed, the test tubes were cleaned and the cuttings were washed with 
deionized water. The 2% and 4% sucrose solutions required that every three days the 
solution be changed to new 2% or 4% solution. The 0% was the control and it was changed 
with fresh deionized water every three days. No higher concentrations were used because the 
solution became too viscous. 
IBA treatments 
Two hormone treatment alternatives were tried. The first treatment was one formerly 
used with other aspen clones at Iowa State University. Branches were cut into 8-inch lengths 
with the smallest diameter at least 0.5 cm. The cuttings were soaked overnight in 
indolebutyric acid (IBA) at a concentration of 100 parts per million (ppm), planted in soil 
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mix, and placed under mist. Periodic observations were made to determine if roots protruded 
through the bottom of the container. 
Quick dip method 
Stem branches from each clone were taken from cold storage. Each branch was cut 
into 20 cm lengths. The cuttings were dipped in Dip `N GrowTM (Astoria-Pacific, Inc.) 
treatments of three different concentrations (500, 1000, and 5000) ppm, placed in a mixture 
of peat:vermiculite (1:1), and kept under frequent mist conditions in the greenhouse at 65°F. 
According to Hartmann and Kester (2002) root production on cuttings can be 
promoted by basal wounding. As they suggested, a carrot peeler was used to make a 5-cm- 
length cut at the base on half of the cuttings for each treatment and subline. Prepared 
cuttings were dipped for five seconds in the Dip `N GrowTM solution and planted. 
Preparation for making inoculations 
Preparation of inoculum 
An objective of this study was to test for differences in crown gall resistance in 
cuttings taken from field-grown transgenic lines and their parental clone. Inoculations were 
made using strains of Agrobacterium tumefaciens that were last used in 1998 and stored in a 
freezer. Another strain used at Iowa State University in teaching laboratories, C-58, also 
was included (Table 1). Only the most pathogenic strains in the original test inoculations 
were used (Jones, 1998). The S 1 strain came from a stand of aspen in the Shimek State 
Forest in Southeast Iowa. HG strains came from a hybrid aspen stand in Hickory Grove Park 
in central Iowa. The UW strains were collected from a greenhouse hybrid poplar grown at 
Iowa State University (Jones 1998). 
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To test the virulence of the different Agrobacteriu~n tumefaciens strains before 
inoculating the cuttings, susceptible tomato plants were tested. The strains were placed on 
Potato Dextrose Agar (PDA) plates (DIFCO Manual, 1953). Strains were transferred every 
10 days at the latest to new plates to maintain medium nutrients and pathogenicity levels for 
the bacterium. 
Before inoculating the tomatoes, the bacteria were transferred to liquid media made 
up of 5% Yeast Extract Broth (YEB) (DIFCO Manual, 1953). Two flask cultures of each 
bacterium isolate were made. The media with bacterial isolates were shaken for 1-3 days at a 
temperature of 37° C at a moderate speed. According to the method used by the Japanese, the 
culture optical density (OD) should not exceed 0.5 at a wavelength of 540 nanometers (nm) 
above the OD for the medium alone. A spectrophotometer was used to obtain the optical 
density (absorption) of the liquid cultures. If the media OD was too high the culture was 
diluted with sterile distilled water. Initial readings before diluting were typically in the range 
of 1.37 to 1.91 for inoculum. 
Tomato inoculations 
Young tomato plants from the plant pathology teaching labaratory were inoculated 
according to the Japanese method. Wounds were made in the stem between nodes near new 
buds. Second, the diluted cultures were placed in the wound with a cotton swab. Third, the 
wound area was wrapped with parafilm. Observations were made on gall formation. Three 
tomato plants were inoculated for each strain (Table 1). Three wounds were made on each 
tomato plant. Two cuts were made on the stem near the top of the plant (new growth) and 
one cut on the base. 
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Table 1. Inoculations of tomato plants were made with strains of Agrobacterium 
tumefaciens. 
Strain Origin 
C-58 ISU teaching collection 
UW-2-1 Greenhouse aspen 
UW-2-2 Greenhouse aspen 
S1.1-3-1 Shimek State Forest SE, IA 
S1.1-2-2 Shimek State Forest SE, IA 
HG1.2-1-2 Hickory Grove Park Central, IA 
These tests were repeated on new tomatoes of the Husky Berry variety. Inoculations 
were made using the same method as before. In a further test on these same plants, a "needle 
prick" system was used. This system consisted of placing a drop of inoculum on a stem near 
a bud and pricking the stem beneath the drop. Thereby, the drop is drawn into the stem. The 
final method evaluated for inoculation was to insert the undiluted bacterial culture into 
tomatoes and poplars (P. euramericana clone `I-488') with a syringe and wrapping this 
wound with parafilm. 
Other observations in the plot 
In order to determine escape potential by sprouting of this transgenic plant material 
the plantation was visually checked during the 2001 and 2002 growing seasons. The 
plantation was also observed for flowering structures. One or more persons thoroughly 
looked, and sampled if necessary, some branches to determine if any flower buds were 
present. 
22 
Results and Discussion 
Growth Data 
Height differences among eight hybrid clones grown for four-years in the field were 
highly significant when statistically analyzed using the completely randomized model 
(P<.Ol). However, the standard analysis showed that a tree's position in the field plot was 
also highly significant. This confirms the visual impression that a complex set of site 
variables were affecting growth results. To reduce these variables a spatial analysis was 
used. This analysis adjusted the measured heights (Table 2). This adjustment showed that 
clone 41 s 1 dropped 19% in rank from second to seventh and DBL 2 went up about 6%. 
Table 2. Measured and adjusted height differences among clones (m) 
Measured Adjusted 
Clone Mean HT Mean HT 
Y-63 5.32 5.09 
41 s 1 4.79 4.45 
41 s2 4.33 4.30 
41 s3 4.78 4.40 
41 s4 4.76 4.51 
41A1 4.71 4.95 
DBL 1 4.89 4.86 
DBL 2 3.40 3.59 
In order to further test the significance between lines, a Tukey's analysis was initiated 
in SAS (Table 3). According to this analysis "Y-63," 41A1, and DBL 1 have similar 
desirable height growth rates. Therefore, these three clones could be recommended based on 
this characteristic. 
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Table 3. Significance of comparisons of adjusted heights of clone to clone differences (m). 
.................... jAdjusted 
Clone :Mean HT 
................................................. :Adjusted 
Clone :Mean HT 
Adjusted Tukey's 
P value P value 
Y-63 5.09 41 s 1 ~ 4.45 0.021 0.282 
Y-63 ~ 5.09 41 s2 4.30 0.001 0.020 
Y-63 ~ 5.09 .................................................:..................................................................................................:................................................. 41 s3 4.40 0.006 0.108 
Y-63 5.09 41 s4 4.51 0.033 0.390 
Y-63 5.09 41 A 1 4.95 0.561 0.999 
Y-63 5.09 DBL 1 ~ 4.86 0.356 0.984 
Y-63 5.09 DBL 2 3.59 <.0001 <.0001 
41 s 1 4.45 41 s2 ~ 4.30 0.578 0.999 
41 s 1 ~ 4.45 41 s3 4.40 0.875 1.000 
41 s 1 ~ 4.45 .................................................:..................................................................................................:................................................. 41 s4 ~ 4.51 0.857 1.000 
41 s 1 4.45 41 A 1 4.95 0.109 0.745 
41 s1 ~ 4.45 .................................................:.................................................................................................:................................................ DBL1 4.86 0.217 0.920 
41 s1 4.45 DBL 2 3.59 0.011 0.173 
41 s2 ~ 4.30 41 s3 4.40 0.624 1.000 
41 s2 4.30 .................................................:..................................................................................................:................................................ 41 s4 4.51 0.441 0.994 
41 s2 4.30 .................................................:..................................................................................................:................................................ 41 A 1 4.95 0.017 0.240 
41 s2 4.30 DBL 1 ~ 4.86 0.031 0.371 
41 s2 4.30 DBL 2 3.59 0.033 0.393 
41 s3 4.40 41 s4 4.51 0.724 1.000 
41 s3 ~ 4.40 41 A 1 ~ 4.95 0.081 0.652 
41 s3 ~ 4.40 DBL 1 4.86 0.119 0.771 
41 s3 ~ 4.40 ................................................:.................................................................................................:................................................ DBL 2 3.59 0.016 0.230 
41 s4 ~ 4.51 41 A 1 4.95 0.207 0.911 
41 s4 ~ 4.51 DBL 1 4.86 0.271 0.963 
41 s4 ~ 4.51 DBL 2 3.59 0.003 0.065 
41 Al 4.95 .................................................:..................................................................................................:................................................ DBL 1 4.86 0.762 1.000 
41 A 1 4.95 .................................................:..................................................................................................:................................................. DBL 2 3.59 <.0001 0.001 
DBL 1 4.86 DBL 2 3.59 <.0001 0.001 
The stem volume analysis also indicated significance between the clones (Table 4). 
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Table 4. Significance of estimated volumes of clone to clone differences (m3) 
................................................ Add u sted 
Clone :Cal Voi 
Y-63 :0.00269 
Y-63 : 0.00269 ................................................:............................................ 
Y-63 : 0.00269 .................................................:............................................ 
Y-63 : 0.00269 
Y-63 : 0.00269 
~`=6~3~ _ : 0.00269 
....................................T7........................................... 
Y-63 : 0.00269 .......................................:........................................... 
41 s1 : 0.00136 
41 s 1 ~ 0.00136 .......................................:........................................... 
41 s 1 ~ 0.00136 
41 s1 :0.00136 
41 s1 : 0.00136 
41 s 1 ~ 0.00136 
41 s2 ~ 0.00096 
41 s2 : 0.00096 .......................................:........................................... 
41 s2 ~ 0.00096 
41 s2 : 0.00096 
41 s2 : 0.00096 
41 s3 : 0.00088 ......................................:........................................... 
41 s3 : 0.00088 ......................................:........................................... 
41 s3 : 0.00088 
41 s3 : 0.00088 ......................................:........................................... 
41 s4 : 0.00116 
41 s4 : 0.00116 ......................................:........................................... 
41 s4 : 0.00116 
41 A 1 : 0.00234 .......................................:........................................... 
41 A 1 : 0.00234 
DBL 1 : 0.00174 
:Adjusted 
............................ y............. 
Clone ~ Cal Vol ......................................:............................................ 
41 s1 : 0.00136 
...................................... a ............................................ 
41 s2 ~ 0.00096 
41 s3 : 0.00088 
41 s4 : 0.00116 
41 Al ~ 0.00234 
DBL 1 : 0.00174 
DBL 2 : 0.00086 
41 s2 : 0.00096 
41 s3 : 0.00088 
41 s4 ~ 0.00116 
41 Al :0.00234 
DBL1 :0.00174 
DBL 2 ~ 0.00086 
41 s3 0.00088 
41 s4 ~ 0.00116 
41 A 1 : 0.00234 
......................................y.. ......................................... 
DBL 1 : 0.00174 
DBL 2 ~ 0.00086 
41 s4 ~ 0.00116 
41 A 1 :0.00234 
. .. . .. .. . .. ................. 5............................................ 
DBL 1 ~ 0.00174 
DBL 2 ~ 0.00086 
41 Al : 0.00234 
DBL 1 : 0.00174 
DBL 2 : 0.00086 
DBL 1 : 0.00174 
DBL 2 : 0.00086 






























The control (Y-63) clone, and 41A1 (anti-sense) clone had significantly higher 
volume production then the other clones (Table 4). Therefore, the parent hybrid (Y-63) and 
the single anti-sense transgenic produced the most estimated volume over this four-year 
period. From the analysis of the height and volume data it is clear that the difference 
between clonal tree growth was influenced in a negative way by most gene insertion events. 
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Because of construct insertion more energy maybe redirected from growth to resistant 
functions or the insertion has blocked some functions. 
Frost Crack Survey 
According to the Kruskal-Wallis test there was no evidence of significant differences 
among clones with total number (P>0.55) and length (P>0.50) of cracks. However, the trees 
on the southeast and west side of the Latin square were next to trees in surrounding blocks 
that had poor growth compared to the rest of the plot (Figure 2). Therefore, possible shading 
potential against rapid temperature drop during early fall and late spring freezing would be 
absent. 
The trees that were on the northeast side and the middle of the Latin square were 
shaded because of the surrounding better tree growth. The shade kept the trees from direct 
sunlight and the temperature would rise and fall less dramatically. Frost cracks may have 
also been a factor in why some of the trees did not grow better then others. This type of 
injury could weaken the tree and provide a pathway for the entrance of microbes including 
Agrobacterium tumefaciens. Further research is needed on spatial differentiation to 
determine whether or not there are clonal effects of the occurrence of frost cracks. 
Table 5. Kruskal Wallis test for frost cracks survey (cm) 
Mean Total Mean Total 
Clone #trees Cracks Length Cracks 
Y-63 8 0.38 3.00 
41 s 1 8 0.50 34.75 
41 s2 8 0.75 9.25 
41 s3 8 1.13 10.81 
41 s4 8 1.38 18.44 
41 Al 7 0.43 5.00 
DBL1 8 1.25 9.81 
DBL2 6 0.50 3.83 
Total 61 6.31 94.89 
2~ 
Transgenics had the most damage and it could be from the transformation that took 
place (Table 5). It might be that the inserted constructs are disrupting hormonal relationships 
making them more susceptible to frost cracks? 
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Figure 2. Frost crack survey conducted in the Latin square of the plot: Frequency of frost 
cracks indicated by color shading 
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Rooting Data 
Good shoots formed on the cuttings, placed in FloralifeTM nutrient solution. 
However, when we recognized that FloralifeTM as one of its ingredients has a bactericide this 
approach was discontinued. The cuttings did not root with the pulse sucrose treatments and 
shoot development was insufficient for use. 
The Dip `N Grow technique did give some rooting of cuttings, but at insufficient 
levels to be statistically analyzed or to be practically useful (Table 6). Only 28 cuttings 
formed roots out of 1657. The "Y-63" had the most rooting. It appears that the transgenics 
did not root as well because of some disruption caused by transformation. In addition, there 
is a pattern that the wounding was instrumental in root formation; of the successful rootings 
20 were on wounded cuttings, while only 8 unwounded cuttings produced roots (Table 6). 
These trees are now being grown as stock plants and future inoculation tests. 
Table 6. Dip N' Grow rooting results; 
observed roots 
clone total # 500N 500W 1000N 1000W 5000N 5000W 
Y-63 7 5 1 1 
41 s1 3 2 1 
41 s2 0 
41 s3 2 1 1 
41 s4 5 1 2 2 
41 Al 2 1 1 
DBL1 5 1 3 1 
DBL2 4 3 1 
Total 28 5 7 0 7 3 6 
Inoculation study 
Tomato study 
No galls formed on any of the tomatoes. We think these inoculations were 
unsuccessful because either the bacteria lost virulence over the storage years or the Japanese 
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inoculum levels were too low. Strain C-58 should have caused galls because it is used 
regularly during the year in teaching. Inoculum levels and the inoculation technique were 
different. Most inoculation techniques with Agrobacterium tumefaciens use liquid PDA 
media for growth and an addition of skim milk to the inoculation suspension. Virulence 
could have been reduced by numerous plate transfers, although transferring was reduced to 
one after the first test. Rooting tests have furnished some plants for future inoculation tests. 
Escape Potential Survey 
Before the subsoiling of the plot at the end of 2001, there were 46 root sprouts in the 
plantation. There was no apparent pattern to sublines sprouting. Overall, there was less 
sprouting then expected. In a planted field of quaking aspen there could be as many as 
10,000-30,000 sprouts per acre (Perala, 1990). No flowering structures were found. 
Conclusions 
Biological studies were done in a plantation of an aspen hybrid and seven transgenic 
subclones. Analysis of four-year height growth data suggested that the parent clone and two 
anti-sense clones produced the best height growth. Using the formula that gives approximate 
volume production, the parent hybrid clone "Y-63" and the anti-sense transgenic clone 
"41 A 1" had significantly higher volume than the other clones for this four-year growth 
period. Therefore, these two clones could be recommended for future study and possibly 
considered for commercial use. 
Frost cracks were observed in the fifth growing season. The interest in possible 
entrance sites for insects and pathogens prompted a survey of their occurrence. Using the 
Kruskal-Wallis test, the frost crack survey data indicated a lack of significant difference in 
occurrence among all clones. However, tree location within the plot appeared to affect the 
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incidence of frost cracks. Therefore, no recommendations were made as to frost crack injury 
susceptibility among clones. 
A number of treatments were tested for root initiation on dormant branch cuttings 
taken from field material. Although rooting was low among all clones, the most successful 
method was the Dip `N GrowTM technique. The hybrid aspen parent clone "Y-63" produced 
the most rooting. 
All artificial inoculation methods were unsuccessful using tomato test plants. Either 
the inoculum lost its virulence, the growth media was inappropriate, or the inoculum 
concentration recommended by the Japanese workers was too low to induce gall formation. 
These tests will be continued. 
All precautionary measures, those required by USDA/APHIS and those. deemed 
necessary by workers at Iowa State University, were done to ensure no escape of transgenic 
material from the field planting or greenhouse tests. 
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PART II. GENETIC ENGINEERING: AN EXAMPLE FOR ETHICAL 
CONSIDERATIONS IN FORESTRY 
Introduction 
In the 1970's, Iowa State University began participating in national and international 
efforts to increase the annual production rate of woody biomass for energy. The most 
common trees used in these efforts are from the genus Populus L., which has the highest 
growth rates of woody plants native to the north temperate region (Dickmann, 2001). This 
characteristic makes Populus a desirable genus for wood fiber products in the forest products 
industry (Dickmann, 2001). It also has been a model species for woody biomass production 
for energy (Eckenwalder, 1996). However, Populus is very susceptible to disease and insect 
injuries (Ostry et al., 1989). As a result of this susceptibility, research has been needed to 
increase the pest resistance of Populus. Selection and breeding programs have been 
developed to increase growth rates and pest resistance within the genus. Molecular biology 
techniques also have been used since the mid 1980's (Parsons et al., 1986; Fillatti et al., 
1987) and have caused controversy since their introduction. Genetic engineering 
(biotechnology) under present definitions is a new type of technology and is surrounded by 
ethical questions. The science is being used increasingly in forestry as well as in many other 
disciplines. In this discussion we present a scientific background of poplar biomass systems 
and discuss ethical considerations about using genetic engineering to meet the world 
demands for wood products that come from this research. 
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Poplars and their products 
Male and female flowers are normally borne on separate trees in Populus (poplars and 
aspens). They flower around age eight. Some Populus species are good root sprouters. 
Others sprout from stumps and pieces of branches that become buried in the soil; therefore, 
clones can develop by vegetative propagation. The clonal offspring normally are exact 
genetic copies of their parent; however, mutations can occur within the clonal offspring 
(Dickmann, 2001). Poplars have high soil moisture requirements so most species grow on 
the floodplains of rivers and streams (Eckenwalder, 1996). Cottonwoods (ie., Populus 
deltoides Marsh.) for example, mostly occupy the bottomland areas, reproducing by seed. 
Aspens, however, can be found in upland areas. The hybrid used in this discussion is derived 
from two aspen species that commonly reproduce by root sprouting in upland areas. Aspens 
are members of the Populus (formerly Leuce, Duby) section of the genus Populus 
(Eckenwalder, 1996). 
Some species of Populus from different regions can produce hybrid offspring when 
crossed together artificially. This also has happened in nature. For example P. alba L. x P. 
grandidentata Mich. forms natural hybrids. Several selections of this hybrid, including the 
named clones `Crandon, `Shimek' , `Hansen' , and `Sherrill' have been used previously in 
research Iowa State University (Klopfenstein et al., 1993). 
The wood of aspen is versatile and used for many wood products in the forest 
industry (Dickmann 2001). Aspen wood has been used for paper pulp, matches, and 
chopsticks among other things. Other uses for aspen are for composite woods like plywood 
and particleboard, and fuel stock for solid and liquid fuels. Aspens are valued in many 
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countries for paper production; this current study originated from the commercial interests of 
Nippon Paper Company in Japan (Hall et al., 1998). 
To optimize the use of these trees in the forest industry it will be necessary to develop 
a range of pest management strategies because aspen is a host to many defoliating insects and 
diseases (Ostry et al., 1989). This discussion is concerned with crown gall disease. 
Crown gall disease 
Poplars are affected by crown gall disease caused by the bacterium Agrobacterium 
tumefaciens (E.F. Sm. &Towns). Most soils contain A. tumefaciens. This soil-borne 
bacterium vectors DNA into the tree's genome. For example, wounds such as deer damage 
made by antler rubbings against the bark or frost cracks can be entry points for the bacterium. 
A. tumefaciens can also infect trees through their roots. Root infection can occur from 
planting the tree in infested soils, or by transplanting (moving to another location) the tree, 
which can weaken the roots, weakening the tree. Entry into the roots is through any wound, 
including secondary root emergent sites. 
Most strains of A. tumefaciens contain extra genetic information in structures called 
plasmids. The plasmid called Ti contains tumor-inducing (Ti) genes. A. tumefaciens enters 
the wound carrying the Ti plasmid. DNA from the plasmid inserts itself into the plant's 
genome. The DNA is now called T-DNA because it has been transferred and it becomes 
incorporated in the plant cells (Lacy and Hansen, 2000). 
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Figure 3. Crown gall on Japanese aspen. 
As the cells grow, the T-DNA is expressed in the plant and causes overproduction of 
plant hormones (auxins and cytokinins) that contribute to an increase of cellular division and 
expansion. The result is an increase in undifferentiated tissue to form galls (Figure 3). The 
galls can range from several centimeters up to a meter in diameter (Lacy and Hansen, 2000). 
The galls may interfere with water and nutrient transport, weakening the plant and eventually 
contributing to its death. Therefore, crown gall can seriously limit tree growth and reduce 
productivity of the tree stands. 
Poplar genetics 
~anventional breeding 
For over a century, conventional breeding has been used to pass desired traits from 
parent trees to their progeny. Poplar breeding is done to satisfy the economical production of 
wood to meet a growing worldwide demand (Bradshaw and Strauss, 2QQ0}. The poplar 
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genome is relatively small, making genetic manipulation and discovery easier than with other 
tree species (Dickmann, 2001). Poplar is an important wood source for many countries and 
the most common form of poplar silviculture is in plantations (Bisoffi and Gullberg, 1996). 
The homogeneity found in plantation monoculture facilitates studies of interactions between 
one clone and a disease, but it is a poor production system when the clone is highly disease 
susceptible. Therefore, selections must be made for pest resistance and fast-growth rates at 
the same time as for other desirable traits like wood quality (Bisoffi and Gullberg, 1996). 
Improvements can increase the productivity of plantation forests, giving an advantage to the 
forestry industry and, perhaps, preventing over-harvesting of our native forests (Bradshaw 
and Strauss, 2000). Potentially, more diverse products could be supplied from specially 
designed artificial plantation systems. 
Genetic engineering 
Genetic engineering provides opportunities to manipulate the genome of aspen for 
desirable improvements (Mohri et al., 1997). The genus' genetic traits, susceptibility to 
Agrobacterium-mediated transformation techniques, and regeneration ease of transgenic 
woody material make Populus a woody-plant model for genetic engineering (Kim, et al. 
1997). 
Crown gall is caused by Agrobacterium tumefaciens. A. tumefaciens with its T-DNA 
infects the tree through wounded sites and integrates its T-DNA with the tree's genome 
causing galls to form. When gene insertion is being done, this DNA (called an oncogene) 
has to be transcribed into RNA (Haverford College, 1998). The DNA is transcribed into a 
complementary RNA in the nucleus then spliced into mRNA (messenger RNA)(Access 
Excellence, 2002). The mRNA leaves the nucleus and goes to the cytoplasm, where 
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ribosomes bind to the RNA and translate it into protein (RNA Viruses, 1998). This protein 
results in growth producing hormones causing the tumors to form. 
The protein is the end result of oncogene expression. This Nippon research is an 
attempt to directly alter the events leading to this expression. By using the sense and anti- 
sense techniques the oncogene expression was suppressed. To prevent oncogene expression, 
gene silencing is what is hoped to take place preventing the tumors from forming. Gene 
silencing can happen in two ways. A methylation process (the target in the sense technique) 
is stimulated by part of an oncogene (iaaH, iaaM, or ipt) in the sense orientation (of 
Agrobacterium) being placed in the tree's genome. The inserted gene strand is recognized by 
the tree as foreign and the tree methylates it by attaching methyl groups that block 
transcription. When the natural Agrobacterium infects the tree, the newly integrated bacterial 
gene will be suppressed by this same DNA methylation process inactivating its T-DNA. 
This methylation effect is called the Matzke effect (Ebinuma et al., 1992). 
The second approach to gene silencing (the target in the anti-sense technique), will 
interrupt the activity of a targeted gene coding for a particular protein, preventing protein 
formation (Bailey, 2001). These transgenics were formed by the insertion of the reverse gene 
sequence (anti-sense) into the tree's genome. Hence, an anti-sense RNA transcript is formed 
that binds to the Agrobacterium strand. This strand binding forms a duplex (Kimball, 2002). 
The duplex results in gene silencing because the RNA cannot be translated. In our study, 
Nippon targeted the oncogenes for auxins and cytokinins to prevent them from forming 
because these are the plant hormones that are actively causing gall formation. 
Similar to humans being inoculated with vaccines to form anti-bodies to prevent 
pathogens from being successful, placing the sense strand into the genome of aspen may 
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reduce Agrobacterium's success. Alternatively, with the anti-sense strand already in the 
plants' genome the oncogene message cannot be translated. Thus, if Agrobacterium infects 
the tree in the field, it will not express the oncogenes because either transcription or 
translation is blocked (Ebinuma et al., 1992). 
Aspen hybrid under study 
The original hybrid "Y-63" and other transgenic sublines were greenhouse tested in 
Japan with a number of different bacterial isolates native to both Japan and Iowa. Enforced 
regulations in Japan prevented field-testing of the transformed selections there. Therefore, 
the Nippon Company searched for a research group in the U.S. that was experienced with 
working with transgenic materials. The first field planting of a transformed woody plant in 
the world was done in July 1989 by researchers at Iowa State University with a transgenic 
aspen hybrid (Klopfenstein et al., 1991; McNabb et al., 1990). Because our ISU research 
group was involved with experiments of transgenic materials and has experience deactivating 
plant material and their plantation sites when experiments are completed, the Nippon 
Company contracted with us to perform the necessary field testing. 
The current research is on a hybrid selection "Y-63" resulting from a cross between 
the North American bigtooth aspen (P. grandidentata) and the Japanese aspen (P. sieboldii 
Miquel) produced by the Canadian poplar-breeding program at Maple, Ontario. The "Y-63" 
clone is a fast growing selection being studied by Japanese researchers and promises to be a 
high pulp wood producer (Ebinuma et al., 1992). The negative aspect is that it is highly 
susceptible to crown gall disease, a serious disease of aspen in Japan. Therefore, the Nippon 
Paper Company, using line "Y-63," produced transgenic selections, using the sense and anti-
. sense tec nlques. 
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Nippon inserted sense and anti-sense constructs of Agrobacterium into the parental 
clone; however, each time an insertion is made in a clone, the gene randomly goes to a 
different part of the genome. Each time an insertion was made, this differentiation resulted 
in a new subclone. In this study we have seven subclones; plus the original hybrid "Y-63" 
clone. 
Ethical Considerations 
Ethical issues are arising with genetic engineering research. For example, the results 
of genetic engineering are tested in greenhouses or controlled field areas, thereby possibly 
allowing potential effects in natural ecosystems because of gene flow. When transgenic trees 
start to flower, then it is possible for pollination to take place with other poplars. Using our 
example, Nippon scientists are trying to use the transgenics to counter the effects of crown 
gall. The full dimensions of environmental issues are seldom covered by any one discipline 
(Des Jardins, 1993). By engaging in this research of genetic engineering research, the risks 
may be identified and remedies to the problems may be developed. Therefore, studying this 
research from both philosophical and biological standpoints may help us to uncover more 
solutions as well as risks. There are ethical questions that will be addressed regarding our 
use of genetic engineering. 
Is this playing God? 
Some can argue that developing a hybrid is playing God, because taking two different 
species that have not hybridized naturally to form a hybrid may not be in the natural flow of 
the ecosystem. The species grow in different geographic areas; however, they are part of the 
same genus, Populus. Some can say that combining two species is something that God 
should do. One can ask how would God hybridize bigtooth and Japanese aspen? A response 
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can be that God would use or allow humans to develop the hybrid (Y-63). Bringing two 
species together that have not hybridized naturally, does not mean that they would never 
hybridize in nature. Humans are perpetuating a system of events that happen in Populus and 
other genera over time. Our Iowa natural hybrids between P. alba x P. grandidentata are a 
result of humans moving P. alba from Southern Europe in the settlement of Iowa. 
Manipulating genes for human concerns may be considered playing God because we 
take genes that are already performing their purposes like pest-resistance genes and place 
them in other organisms of our desire. Because the pest-resistance gene is already 
performing a purpose in one organism, so taking it and placing in another organism, may 
have a positive effect that humans desire, but a negative effect in nature. Is it possible that 
we are changing God's functions in the ecosystem by moving the original function of certain 
genes to other organisms? Genetically engineering the trees for fast-growth can directly 
affect the growth of other tree species resulting in alterations of stand dynamics. 
Another way of using the "playing God" argument is to say, "plant engineering does 
what finite beings cannot do; transfer genes from one species to another" (Comstock, 2000). 
But there are many examples in nature where DNA is transferred naturally between species, 
especially soil organisms (Bushman, 2002). DNA transfer occurs naturally from soil 
microbes to plants. The vector used in our study, Agrobacterium, is a soil bacterium that 
infects plants, and genetically transforms the host plant naturally under natural conditions as 
well as in research laboratories (Kim et al., 1997). This is why the system is used to integrate 
genes into other organisms. It is possible because it also happens in nature. 
However, the reason for this type of genetic engineering, is to try to develop 
resistance to crown gall disease, which thereby increases wood fiber production. Developing 
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resistance to crown gall disease that occurs naturally is another way that scientists could be 
playing God. Crown gall disease is a part of the ecosystem and to develop a resistance 
against it is like taking the power into human hands to go against what God has created. 
Genetically engineering aspen for disease resistance not only benefits the paper industry, but 
also the species so that it can grow in the ecosystem regardless of crown gall effects. 
Another "playing God" argument is that developing inventions should be left for God 
to do. For instance, humans invented the airplane and motorized vehicles, which are two 
examples of human influence to our way of living. If one believes that God created all, then 
our minds are given to us. "Are we not using our God given ability to think through and 
develop inventions" (Comstock 2000)? According to Immanuel Kant (1998) a rational being 
wills that all his faculties should be developed, inasmuch as they are given to him. As human 
beings, we naturally use our ability to think and make our conditions better for ourselves. 
Trying to better our conditions could be looked upon as pleasing God, since it was God that 
gave us our Hands. 
What we expect from God differs among religions. So many religions have their own 
belief of how God works for their followers. If a forester desires greater woody biomass, 
does one ask God to provide it or does God provide the knowledge through them to provide 
it? Some can say that God works through humans, and others could say that God works only 
through nature. 
Is it natural? 
Many opposing groups use the "unnatural" argument as the reason genetic 
engineering is unethical. When the unnatural argument is used, it suggests that any human 
intervention is not a natural occurrence and therefore the end results are unnatural and 
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therefore, unethical. One could say that genetic engineering is not ethical because it is 
performed by humans. 
There are many things in the world that were developed with human influence, and 
people use products daily that are created by human development. For example, we would 
not have access to water by fountains without human input. Furthermore, we could not use 
products like toilet paper without modifying natural resources. Human developed products 
affect human activity daily, and people generally do raise issues about these inventions. In 
other words, not all "unnatural manipulations" should be considered unethical. Then one can 
ask exactly what are humans doing that makes genetic engineering "unnatural?" 
Is human involvement in the development of hybrid clones unnatural even though 
aspen naturally produce clones? Once again scientists are perpetuating the mechanism that 
occurs in forests for our needs and wants. Subjecting the natural environments to hybrids 
could be unethical because it has not occurred in nature. Just because the hybrid "Y-63" had 
not occurred naturally does not mean that it would never have been formed. 
Should we use unnatural means to arrive at an end that may be advantageous for the 
paper industry and society? The process used to make the transgenic hybrids is found in 
natural ecosystems. In our case, the hybrid was transformed in order to manage the disease 
that potentially kills aspen. Nature may have a check and balance system that usually 
prevents the domination of one species over other types of life that occupy certain niches in 
the ecosystem. If we address disease from a human standpoint, research is being done to 
identify a cure to many diseases that have plagued humans for decades, like cancer, diabetes 
and sexually transmitted diseases. Attempts at finding cures to human diseases are usually 
supported. But looking at overpopulation that has become a concern, could not these various 
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diseases be a method of a natural check and balance system to keep the population under 
control? In the case of trees, crown gall disease finds aspen as a suitable niche and is a part 
of aspen stand dynamics in nature. To prevent the disease might disrupt the natural flow of 
the ecosystem. In forestry, managing the disease may help the forest products industry using 
aspen. That ultimately helps everyone who uses forest products, such as toilet paper, pencils, 
and other things made from wood. The species can also persist in more areas if it is resistant 
to crown gall. 
An additional question is whether genetic engineering should be used to improve the 
species, by reducing or preventing susceptibility to crown gall, for human desires like paper 
production. One could say that it is demand and supply because if people did not use and 
require so much paper and use other products, then there would not be as much need to 
harvest trees. Modifying the tree may make the tree less susceptible to crown gall and 
increase more resources to meet the demand for paper. Economically, foresters are providing 
a supply for a demand of paper. Also, would plantations reduce harvest pressure on native 
forest? If this research is successful, not only would a resistance to crown gall disease be 
recognized, but also we can continue to grow poplars in plantations to be harvested instead of 
depleting our natural forests. 
Is it safe? 
Typically, questioning the safety of using genetic engineering originates from 
possible, but unknown, long-term effects that could take place. For example, if the 
transgenic material escaped into the wild population by pollen transfer, how long will it take 
before the effects are detectable? To notice growth effects may take many years, because the 
trees have to become established in stands. By the time effects are detected, additional gene 
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flow may have already occurred into other stands. Another reason it is difficult to assess risk 
is because it takes trees many years to mature, making it difficult to know whether gene 
insertion was stable and thereby successful. 
When Nippon sent the original transgenic plant material, they decided to use Iowa 
Agrobacterium tumefaciens strains (HG, S 1, and UV) to test for resistance. There are other 
strains that Nippon could have requested for use; however, Iowa strains were chosen for the 
greenhouse tests. Upon their completion all materials were destroyed. The use of natural 
strains and prohibiting field inoculations are examples of restraints placed on this research 
study. Present inoculations were used under the same restraints as those used in the 
inoculations of the original Nippon material. 
The major portion of the present study was conducted on field grown material. Over 
time we made observations to ensure that no flowering has taken place. Sprouts within the 
plantation were mowed and were further controlled by subsoiling. These precautionary steps 
were done to ensure that transgenic material would not escape into neighboring areas. 
Clonal forestry may become the norm for forestry. Thus, there will be larger numbers 
of identical parent genotypes in our commercial forest stands (Duchesne, 1993). Plantings of 
natural Populus trees may occur less often, meaning that more genetically identical (uniform) 
trees will be planted. This is an important factor because everything in the forest ecosystem 
is connected. One answer to the argument of uniformity would be for foresters to duplicate 
natural mosaic of aspen clonal stands by planting more diverse sets of different improved 
poplar clones. 
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What are the effects on the other plants and the ecosystem? 
Activist groups generally use the unnatural argument, suggesting that only natural is 
safe. For example, the Global Alliance says, "GE tree plantations threaten native forests by 
infection from alien engineered pollen, to the decimation of native forests by establishing 
new or expanded plantations" (Cuba and Petermann, 2000). Just because something occurs 
naturally does not mean that it could not negatively impact the ecosystem. Natural disasters 
are unsafe for all forms of life, from trees that are blown over in tornadoes, to animals that 
die in natural forest fires. Our study is in a clonal plantation, which promotes growth in a 
homogenous environment. The concern with clonal plantations is the escape and persistence 
of genetic material in natural environments. However, it may be difficult for clones to 
become established in native stands where many other genes persist as long as native stands 
are more common then plantations. 
Foresters have a set of ethics that they can use as a guide for their actions when 
dealing with ecosystem concerns. We are referring to the canons of the Society of American 
Foresters (SAF) code of ethics. The question to be addressed is, should there be restraints on 
our research out of respect for the ecosystem? In 1987, our ISU research group was first 
involved in inducing insect and disease resistance in poplar using genetic engineering 
(Klopfenstein et al., 1991; McNabb et al., 1990). Those involved in the research were 
interested in alternatives to using chemical sprays. McNabb (1997) opposed the use of 
Bacillus thuringiensis (B. t.) an endotoxin gene that codes for a pesticide and therefore could 
harm non-target organisms. Even though the goal was for insect and disease resistance, a 
gene that directly kills the pest, thereby producing high selection pressures is likely to cause 
changes in that pest population overcoming the plants' resistance. To address these risks an 
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alternative gene was used that had a more subtle effect on the pest. The proteinase inhibitor 
II gene from potato was used in those studies (Heuchelin et al., 1997; Kang, et al., 1997; and 
McNabb, 1997). 
Procedures were done to ensure safety to the ecosystem. The aspen hybrid will be 
resistant to crown gall, if this research is successful. In addition, the method by which the 
anti-sense strand was inserted into the tree used the Agrobacterium system. This will make 
the organism resistant to Agrobacterium unique. Using Agrobacterium to be resistant to 
itself is new for the trees, but the gene are not foreign to the environment. It is true that by 
using a selectable marker gene (kanamycin resistant gene) as part of the transformation 
process, a protein foreign to poplar will be in the transformed trees. Although poplar is not 
being used as a food source for humans, it will be a food source for wild animals and 
possibly domesticated animals (Shiva, 2002). But any proteins in the plant are digested into 
amino acids and reformed into the animal's protein structure. In addition to gene flow, 
human allergies could also result from the release of pollen from transgenic trees. 
If this study is a success and the clones can be used on a commercial basis, then more 
woody biomass (growth) can be obtained and more aspens can be planted in plantation soils 
containing Agrobacterium. More trees can be harvested for wood products, directly from the 
plantations. Crown gall disease will not be of much concern because the trees will be able to 
withstand the crown gall pathogen effects. What other possible effects could the commercial 
growth of these clones have on plants and ecosystems? 
The transgene could possibly escape into the natural forests. In the natural forests, 
where Agrobacterium is in the soils, the transgenics could out-compete the native trees, by 
growing vigorously in these soils. Vigorous growth of the transgenics could have two 
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negative effects. The clones could out-compete the native aspens. Less native aspens and 
more transgenic aspens would result, making a more homogenous genetic environment. 
Transgenic aspen out-competing native aspen could develop into a weed tree possibly 
out-competing other tree species in forest stands. Less species in forest stands is less 
biodiversity. If transgenic aspen dominate stands, the wildlife that was dependent upon other 
species for food and shelter will not be capable of using these new stands. Furthermore, 
other products that were obtained from other tree species will not be accessible with the 
reduction in numbers of tree species. 
Crown gall resistance in the transgenics may have affected other gene functions of the 
tree species. For example, the gene insertion for crown gall resistance may disrupt other 
genetic functions. This is another effect of how clone domination in stands may be 
detrimental to the forest industry that desires aspen. 
DNA is transferred naturally between soil microorganisms (Bushman, 2002). 
Hypothetically, could the sense and/or anti-sense DNA be transferred back to normal 
Agrobacterium tumefaciens and then in turn back to other soil bacteria during host tree 
decomposition? This could affect the soil microorganism population dynamics and 
eventually the entire ecosystem. 
Are there alternatives? 
Identifying numerous risks and uncertainties in relation to genetic engineering, many 
people may ask "whether there other methods that can be used to promote crown gall disease 
resistance and management". One answer would be that we could just live with the 
conditions as they are. In the United States, there is not evidence that crown gall disease is a 
major factor in aspen wood production. This Japanese research indicates that it may be a 
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greater problem there. Or, is this Japanese method being researched to develop a new 
technique for genetic engineering for woody plants with wood production as an additional 
reward? To answer this question, a thorough analysis of the Japanese situation needs to be 
completed. 
An argument against genetically engineering aspen is the escape potential of gene 
flow and the escape of the transgenic plants. These possibilities have been discussed earlier. 
Chemical control of the disease by use of bactericides or soil sterilants in nurseries have been 
utilized in disease management. However, reducing the use of chemical applications is one 
reason for trying to introduce the reverse construct and the sense strand of Agrobacterium 
into the genome of the aspen hybrid. 
What about development of sterile trees? This project is in progress at Oregon State 
University, but there is time needed to prove that this can be successful. Although sterile 
trees are produced by genetic engineering, they will reduce the main concern that surrounds 
gene flow into wild populations. Sterile trees will be advantageous in bringing genetically 
engineered trees into the industry because there will be less possibilities of escape (Brunner 
et al., 1998). 
Developing sterility may not be totally dependable in the forest industry. But, 
sterility may be more reliable then simply removing flowering structures. Testing for 
sterility may take a long time to complete. Because of the long life of trees, confirmation of 
a successful transformation and its stability (avoiding sterility breakdown) will need to 
continue over many years. The problem with this type of testing is that it is costly and slow 
(Mann et al., 2002). 
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Another alternative to prevent crown gall disease from infecting aspen is through 
using alternative Agrobacterium species as competitors, using biological control agents to 
reduce virulence and cause the catabolism of Agrobacterium tumefaciens. Inserting a 
biological agent that would reduce the virulence of the Agrobacterium tumefaciens can be 
done with an avirulent strain like A. radiobacter K84 (Ream and Gelvin, 1996). The A. 
radiobacter K84 plasmid lacks both the vir and T-DNA regions but may have common 
ancestry with the Ti plasmid from the strain C-58 (Ream and Gelvin, 1996). A. radiobacter 
K84 could be used to counter the effects of A. tumefaciens as shown by its use in some 
nursery opertations. 
Conclusions 
Research is being done to try to develop fast growing, pest resistant trees through 
genetic engineering. Even if this is a successful research step towards improvement, 
scientists should continue to work in an ethical manner. To determine if this should be used 
on a commercial basis, a thorough cost/benefit/risk analysis (Hessler, 2002) needs to be 
completed. If benefits outweigh the risk, then this technique should be implemented, but if 
results are reverse, the technique should not be used. By maintaining an ethical approach 
with genetic research, foresters will be within the guidelines of the 2nd canon of the Society 
of American Foresters' Code of Ethics which states: "A member will strive for accurate, 
current, and increasing knowledge of forestry" (Cubbage et al., 1993). Since this research is 
still young, there are more possibilities for improvements while also exploring further risks 
and benefits. Understanding all effects of this technology will train foresters to express more 
fully the usefulness and risks of this technology to the public. Foresters also will be 
following the other segment of the 2nd canon, which is "to use their knowledge and skills for 
48 
the benefit of society ...and communicate such knowledge when not confidential" (Cubbage 
et al., 1993). 
One of the apparent reasons for using this technology is to satisfy the increasing 
world demand for wood products. "According to the U.N. Food and Agriculture 
Organization, world demand for wood products in 2010 will be about 1.9 billion cubic 
meters, almost 20% higher than it is now" (Mann et al., 2002). Because of growing 
demands, professionals feel that industry needs to focus its attention on timber production 
(Mann et al, 2002), so research can be devoted to developing genetically improved trees with 
faster growth rates as well as resistance to disease and insect injuries. 
According to the Code of Ethics for Members of SAF (1994), the first Canon states, " 
A member will advocate and practice land management consistent with ecologically sound 
principles" (Cubbage, et al., 1993). Therefore, a forester has to prevent any negative effects 
that may result from any particular practices and ensure ecological safety. A huge 
responsibility rests on the shoulders of our professionals. 
Every scenario ,that we addressed illustrated different approaches that can be 
practiced by professionals to better understand ethical concerns. Each scenario has its own 
considerations. This paper should enable the readers to develop their own insight into the 
ethical concerns presented by using genetic engineering today. Hopefully, this will increase 
the understanding of both laypersons and scientists. 
In general humans, have accepted classical genetic approaches in breeding for the 
improvement of plants for commercial use. Even though genetic engineering is an extension 
of classical genetics, there are still additional risks in the use of this technique that need to be 
recognized by both scientists and laypersons. There are still many unanswered questions 
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associated with genetic engineering. One way to answer these questions is with a thorough 
cost/benefit/risk analysis of each situation; in our case the aspen hybrid "Y-63" crown gall 
resistance problem. 
We think that it is too early to decide if any of these negative long-term effects will 
take place, but we have taken all precautionary measures to ensure that they will not occur in 
our study. Understanding the uses for this technology may help either to increase support of 
the technology or reduce the support from the public and activist groups. 
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GENERAL CONCLUSION 
Biological studies were done in a plantation of an aspen hybrid and seven transgenic 
subclones. Analysis of four-year height growth data suggested that the parent clone and two 
anti-sense clones produced the best height growth. Using the formula that gives approximate 
volume production, the parent hybrid clone "Y-63" and the anti-sense transgenic clone 
"41 A 1" had significantly higher volume than the other clones for this four-year growth 
perlo . 
Frost cracks were observed in the fifth growing season. The interest in possible 
entrance sites for insects and pathogens prompted a survey of their occurrence. Using the 
Kruskal-Wallis test, the frost crack survey data indicated a lack of significant difference in 
occurrence among all clones. However, tree location within the plot appeared to affect the 
incidence of frost cracks and the non-transformed "Y-63" clone was least affected. 
A number of treatments were tested for root initiation of dormant branch cuttings 
taken from this field material. Although rooting was low among all clones, the most 
successful method was the Dip `N GrowTM technique. The hybrid aspen parent clone "Y-63" 
produced the most rooted cuttings. 
All artificial inoculation methods were unsuccessful using tomato test plants. Either 
the inoculum lost its virulence or the inoculum concentration recommended by the Japanese 
workers was too low to induce gall formation. 
Research is being done to try to develop fast growing, pest resistant trees through 
genetic engineering. Even if this is a successful research step towards improvement, 
scientists should continue to work in an ethical manner. To determine if this should be used 
on a commercial basis, a thorough cost/benefit/risk analysis (Hessler, 2002) needs to be 
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completed. If benefits outweigh the risk, then this technique should be implemented, but if 
results are reverse, the technique should not be used. By maintaining an ethical approach 
with genetic research, foresters will be within the guidelines of the 2nd canon of the Society 
of American Foresters' Code of Ethics which states: "A member will strive for accurate, 
current, and increasing knowledge of forestry" (Cubbage et al., 1993). Since this research is 
still young, there are more possibilities for improvements while also exploring further risks 
and benefits. Understanding all effects of this technology will train foresters to express more 
fully the usefulness and risks of this technology to the public. Foresters also will be 
following the other segment of the 2nd canon, which is "to use their knowledge and skills for 
the benefit of society ...and communicate such knowledge when not confidential" (Cubbage 
et al., 1993). 
One of the apparent reasons for using this technology is to satisfy the increasing 
world demand for wood products. "According to the U.N. Food and Agriculture 
Organization, world demand for wood products in 2010 will be about 1.9 billion cubic 
meters, almost 20% higher than it is now" (Mann et al., 2002). Because of growing 
demands, some professionals feel that industry needs to focus its attention on timber 
production from plantations (Mann et al, 2002). This means more research needs to be 
devoted to developing genetically improved trees with faster growth rates as well as 
resistance to disease and insect injuries. 
According to the Code of Ethics for Members of SAF (1994), the first Canon states, 
"A member will advocate and practice land management consistent with ecologically sound 
principles" (Cubbage, et al., 1993). Therefore, a forester has to prevent any negative effects 
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that may result from any particular practices and ensure ecological safety. A huge 
responsibility rests on the shoulders of our professionals. 
In general humans, have accepted classical genetic approaches in breeding for the 
improvement of plants for commercial use. Even though genetic engineering is an extension 
of classical genetics, there are still additional risks in the use of this technique that need to be 
recognized by both scientists and laypersons. There are still many unanswered questions 
associated with genetic engineering. One way to answer these questions is with a thorough 
cost/benefit/risk analysis of each situation; in our case the aspen hybrid "Y-63" crown gall 
resistance problem. 
We think that it is too early to decide if any of these negative long-term effects will 
take place, but we have taken all precautionary measures to ensure that they will not occur in 
our study. Understanding the uses for this technology may help either to increase support of 
the technology or reduce the support from the public and activist groups. 
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